Introduction {#sec1_1}
============

The association between obesity and osteoarthritis (OA) is believed to be a function of both local, mechanical factors and systemic biochemical factors \[[@B1],[@B2],[@B3],[@B4]\]. The identification of an association between obesity and OA in non-weight-bearing joints, particularly the hands \[[@B5],[@B6],[@B7]\], has been a strong contributing factor to the latter view. Additionally, the current characterization of adipose tissue as an active endocrine organ which secretes pro- and anti-inflammatory cytokines and adipokines (including leptin, adiponectin, and resistin) into the systemic circulation strengthens this view. This is due to strong evidence suggesting that changes in the balance of these modulating inflammatory factors can have net deleterious effects on cartilage turnover and repair mechanisms \[[@B8],[@B9],[@B10],[@B11],[@B12]\].

Studies have shown an association between serum and synovial fluid (SF) adipokine levels and knee pain \[[@B13],[@B14]\] as well as migraines \[[@B15]\], and one study showed that greater peritoneal leptin levels were associated with greater pelvic pain \[[@B16]\]. Three studies have identified an association between obesity and incident shoulder pain \[[@B17],[@B18],[@B19]\], and while a recent study noted a strong association between shoulder SF adipokine levels and body habitus \[[@B20]\], no study, to our knowledge, has assessed whether there is an association between shoulder SF adipokine levels and shoulder pain and function. The primary objective of our study was to investigate the association between shoulder SF leptin, adiponectin, and resistin levels and patient-reported shoulder pain and upper extremity function.

Subjects and Methods {#sec1_2}
====================

OA patients awaiting shoulder surgery were recruited from a single, academic hospital between August 2009 and February 2011. Patients with a history of previous shoulder surgery, previous intra-articular steroid injection, posttraumatic arthritis, or a history of inflammatory arthropathy were excluded from the study. All patients were off narcotic/analgesic and non-steroidal anti-inflammatory medications at the time of questionnaire completion. The recruitment and consenting of patients was carried out by a study nurse not involved in the medical care of the patient. The study protocol was approved by the Human Subject Review Committee.

Prior to surgery, patients completed a questionnaire which elicited age, gender, comorbidity, and height and weight (used to calculate BMI (kg/m^2^)) information. Additionally, the questionnaire included the Short Form McGill Pain Questionnaire (MPQ-SF) \[[@B21]\], to which patients were directed to respond in relation to their shoulder, and the Disabilities of the Arm, Shoulder, and Hand questionnaire (DASH) \[[@B22]\].

The MPQ-SF consists of 11 descriptors representing the sensory dimension of pain experience and 4 representing the affective dimension. Each descriptor is ranked on an intensity scale of '0 = none' to '3 = severe', with overall subscale scores ranging from 0 to 33 (sensory) and from 0 to 12 (affective). These two subscales (pain experience and affective dimension) can be combined into an overall score, and this was the outcome measure used in our study \[[@B21]\]. A higher score represents greater pain. The MPQ-SF has been validated for use across disease groups and surgical cohorts.

The DASH is a 30-item questionnaire designed to measure physical function and symptoms in people with any of several musculoskeletal disorders of the upper limb. The items assess the degree of difficulty when performing various physical activities (21 items), the severity of each of the symptoms of pain, activity-related pain, tingling, weakness, and stiffness (5 items), and the degree of impact on social activities, work, and sleep (4 items). All items are scored on a scale ranging from 1 to 5, and the overall score is scaled from 0 (no disability) to 100 (most severe disability).

Intraoperative assessment of the cartilage was performed by the treating surgeon according to the Outerbridge classification adapted from the knee \[[@B23]\]; grade 1 lesion: softening and swelling of the cartilage; grade 2 lesion: a partial-thickness defect with fissures on the surface that do not reach the subchondral bone or exceed 1.5 cm in diameter; grade 3: loss of more than 50% of cartilage thickness; grade 4: complete loss of cartilage with subchondral bone exposure \[[@B23]\].

Tissue Samples {#sec2_1}
--------------

SF samples were collected from the patients at the time of shoulder surgery under sterile conditions. All patients were fasting 12-16 h prior to sample collection. Fluid samples were kept out of the light and stored in sterile containers at −80 °C until analyzed to minimize interassay variation. Samples were then centrifuged at 3,000 × *g* for 30 min. Protease inhibitors were added immediately, and all samples were analyzed not more than 3 weeks after collection. Samples were analyzed for leptin, adiponectin, and resistin levels using the Milliplex MAP kits (Millipore). Concentrations were determined in triplicate for each sample to ensure accuracy. Our analysis for adiponectin recognizes all multimeric forms, but not the monomeric forms or the globular domain.

Performance characteristics for the immunoassays were determined with the intra-assay coefficient of variation (CV) for leptin and adiponectin individually. For the leptin assays, we found the following: intra-assay CV SF = 11.34%. For the adiponectin assays, we found the following: intra-assay CV SF = 1.89%.

Statistical Analysis {#sec2_2}
--------------------

Mean SF adipokine levels are shown across tertiles of MPQ-SF and DASH scores.

A linear regression model was assessed to investigate the association between our measures of interest: SF leptin, SF adiponectin, the adiponectin/leptin (A/L) ratio, and SF resistin levels for each of our dependent variables, i.e. MPQ-SF and DASH scores. The A/L ratio, which has been shown to be associated with patient-reported knee OA pain \[[@B13]\], was calculated by dividing the adiponectin concentration by the leptin concentration for each patient. The models were adjusted for age, gender, BMI, and OA grade. Collinearity was assessed with tolerance statistics.

All statistical analyses were performed with SPSS Version 13.0 (Chicago, IL, USA). All reported p values are two-tailed with an alpha of 0.05.

Results {#sec1_3}
=======

Of the 50 study participants, 27 (54%) were female. The mean age (SD) of the sample was 62.9 (9.9) years and the mean BMI was 28.1 kg/m^2^ (range 21.8-46.7 kg/m^2^, SD 5.4 kg/m^2^). The prevalence of comorbidity was low at a mean of 0.2 per patient. The prevalence of hypertension was 16/50 (32%) and 4/50 (8%) for diabetes. The mean MPQ-SF and DASH scores were 10.8 (SD 8.6) and 43.2 points (SD 19.9), respectively. The mean (SD) SF adipokine levels were: leptin 2,489.5 pg/ml (4,403.9 pg/ml); adiponectin 2,147,255 pg/ml (1,574,099 pg/ml); resistin 6,497.9 pg/ml (29,602.6 pg/ml).

Mean SF adipokine levels across the tertiles of MPQ-SF and DASH scores are presented in tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively. Across the MPQ-SF tertiles, a generally increasing concentration of leptin and adiponectin, but not of resistin, with increasing pain scores was found. The same was not observed across DASH score tertiles.

Results from the linear regression modeling are presented in tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} for MPQ-SF and DASH outcome scores, respectively. Adjusted for age, sex, BMI, and OA grade, increasing concentrations of leptin and adiponectin were associated with increasing MPQ-SF pain scores. Resistin, however, was not found to be associated with pain scores. None of the SF adipokine levels were found to be associated with the DASH functional outcome score.

Discussion {#sec1_4}
==========

Adipokines are known to regulate inflammation and have been shown to be associated with various types of pain \[[@B13],[@B14],[@B15],[@B16]\]. In this study, we report that greater shoulder SF adiponectin and leptin concentration levels were found to be associated with greater MPQ-SF shoulder-specific pain scores among patients with shoulder OA. The same was not found, however, with DASH functional scores.

There is limited evidence linking SF adipokines and joint pain in OA. One group found that serum leptin levels were correlated with function scores but not pain among knee OA patients \[[@B24]\]. In previous work among knee OA patients, we found that the SF A/L ratio better predicted patient-reported pain than the individual adipokine levels alone \[[@B13]\]. This is in contrast to what we found in the present study. The reasons for these differences are not clear; however, this may further highlight the ongoing debate in the literature about the role of adiponectin in synovial joints, pro- or anti-inflammatory.

Leptin has been shown to be pro-inflammatory within synovial joints through the release of interleukin-1β (IL-1β) and metalloproteinases 9 and 13 (MMP9 and MMP13) \[[@B8],[@B12]\]. Further, it has been linked to neuropathic pain through its central action of up-regulating N-methyl-D-aspartate receptors (NMDAR) \[[@B25]\]. The pain experience in OA has largely been divided into two categories: a dull aching pain that becomes constant over time; and a sharp, episodic, more emotionally debilitating pain (believed to be neuropathic) \[[@B26]\]. The MPQ-SF is used as a measure of neuropathic pain and also as an outcome for interventions for reducing neuropathic pain \[[@B27],[@B28],[@B29]\]. Our finding that leptin concentrations were associated with MPQ-SF pain scores but not with functional limitation (DASH) scores may perhaps strengthen the understanding of its role in the latter type of OA pain, rather than in the former \[[@B13]\].

The role of adiponectin within the joint has not been as clear. Studies have documented that adiponectin stimulates the release of anti-inflammatory factors such as IL-10 \[[@B30]\], tissue inhibitor of MMP2, and down-regulates IL-1β-induced MMP13 levels \[[@B9]\]. However, there have recently been suggestions that adiponectin may have a more pro-inflammatory effect in synovial joints due to an increased production of nitric oxide synthase (NOS-2), MMP3, MMP9, and IL-8 \[[@B10],[@B31],[@B32]\]. Our findings that greater SF adiponectin concentration levels predicted greater pain scores possibly suggest a net pro-inflammatory role within the shoulder.

This study has its limitations. The study\'s cross-sectional nature precludes comment on whether the adipokines observed within the shoulder joint were antecedent or downstream (or both) to the prevalent OA and/or pain. Also, while the analyses were adjusted for a number of covariates, the possibility of unmeasured confounders exists. Finally, a control group of non-OA patients would be useful in future work.

Greater shoulder SF concentrations of leptin and adiponectin were associated with worse shoulder-specific pain scores among patients with shoulder OA. These findings suggest a likely pro-inflammatory role of leptin and adiponectin within the shoulder joint and points toward a potential target in the treatment of OA pain.
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###### 

Mean SF adipokine levels compared across MPQ-SF tertiles

  MPQ-SF                           33rd percentile − 5 points   66th percentile − 13 points   99th percentile − 25.5 points
  -------------------------------- ---------------------------- ----------------------------- -------------------------------
  Mean SF resistin pg/ml (SD)      13,792.5 (46,853.9)          1,453.9 (824.1)               1,818.6 (902.5)
  Mean SF leptin pg/ml (SD)        1,836.9 (2,291.2)            2,294.1 (3,683.6)             3,436.9 (6,382.4)
  Mean SF adiponectin pg/ml (SD)   1,570,552 (1,184,135)        2,060,130 (1,665,980)         2,767,793 (1,788,611)

###### 

Mean SF adipokine levels compared across DASH tertiles

  DASH                             33rd percentile − 33 points   66th percentile − 51 points   99th percentile − 83 points
  -------------------------------- ----------------------------- ----------------------------- -----------------------------
  Mean SF resistin pg/ml (SD)      1,504.1 (849.9)               1,348.2 (815.9)               17,579.7 (52,735.9)
  Mean SF leptin pg/ml (SD)        1,080.5 (966.3)               2,128.7 (3,675.1)             4,861.5 (6,838.6)
  Mean SF adiponectin pg/ml (SD)   2,086,933 (1,644,380)         2,209,421 (1,755,444)         2,090,347 (1,522,299)

###### 

Linear regression modeling predicting MPQ-SF scores, adjusted for OA grade

                   Beta coefficient (95% confidence interval) for predicting MPQ-SF   p value
  ---------------- ------------------------------------------------------------------ ---------
  Age              0.18 (−0.25 to 0.62)                                               0.40
  Female gender    −2.43 (−9.17 to 4.30)                                              0.46
  BMI              −0.57 (−1.58 to 0.44)                                              0.26
  SF leptin        0.00141 (0.0001−0.003)                                             0.02
  SF adiponectin   0.0000021 (0.0000001−00001)                                        0.049
  SF resistin      0.000045 (0.000002−0.0004)                                         0.48

###### 

Linear regression modeling predicting DASH scores, adjusted for OA grade

                   Beta coefficient (95% confidence interval) for predicting DASH   p value
  ---------------- ---------------------------------------------------------------- ---------
  Age              0.39 (−0.75 to 1.55)                                             0.48
  Female gender    −9.6 (−27.17 to 8.05)                                            0.27
  BMI              0.22 (−2.40 to 2.84)                                             0.86
  SF leptin        0.00079 (−0.002 to 0.004)                                        0.59
  SF adiponectin   0.0000047 (0.0000002−00004)                                      0.11
  SF resistin      0.00013 (0.00002−0.0005)                                         0.42
